eye) at the central one and compare its colour with those on either side. In toxic amblyopia affecting primarily the macula, the central dot looks washed-out in comparison to the others. Acquired dyschromatopsia usually comes on after a colour vocabulary has been acquired, so colour naming, is normal though colours may be described as faded.
Greater accuracy is obtained with the D & H Color Rule (Kalmus 1972) or with Farnsworth's 100-hue test, which can detect blue-yellow defects as well as red-green and which gives a measure of the degree of colour aptitude apart from any defect. None of these tests reliably discriminates kind and degree of defect. An anomaloscope such as Pickford's is necessary for this, but its use calls for experience and time.
Anomaloscopes and lantern tests are selfluminous, but all pigment tests are viewed under external lighting and are designed to be accurate under 'average' daylightwhich in this country is seldom found. So artificial light imitating this standard is necessary. The fluorescent tube Artificial Daylight conveniently used in the portable Verivide colour-matching cabinet is acceptable, as is the MacBeth lampa heavily filtered tungsten lamp; but ordinary tungsten or fluorescent lighting is not.
The 'geometry' of the test is important. Specular reflexion from test surfaces must be avoided since pigments vary in their reflective properties and it is possible for the patterns to be distinguished by these different reflexions without the colours being seen at all. Hence viewing and lighting should be arranged so that one is at 90 degrees to the test and the other at 45 degrees. These positions are virtually interchangeable (see Fig 1) .
Dr J Graham Taylor (British Airways Medical Service, London (Heathrow) Airport, Hounslow, Middlesex) Civil Aviation In discussing visual standards applicable to civil aviation, I should like first to establish an important point as regards the requirements for technical air crew, i.e. pilots, flight engineers, navigators and radio officers. These air crew must reach a statutory standard but where an airline is concerned a higher standard may be, and often is, applied. The main reason for such a difference is economic since the statutory licensing standard only has to apply until the pilot's next medical examination, normally a period of six months, while an airline will be thinking in much longer terms. It will want to ensure as far as possible that a young new pilot will still meet the statutory standard twenty years later; this is very understandable, for an airline's investment in such a pilot has probably reached £150 000 by the time he reaches command status. Apart from such an economic reason, an airline might also consider a higher standard advisable for reasons of efficiency in its particular type of operationnot for reasons of safety, because the legal standards are adequate in this respect.
Statutory standards are internationally agreed through the International Civil Aviation Organization (ICAO) to which most governments of the Western world belong. Contracting governments accept that the standards recommended by this body shall be the minimum applicable, though they are not precluded from establishing a higher standard if they so wish. Most governments, however, do adhere to the ICAO standards. Two different levels are applicable, one for commercial pilots and navigators, and a lower standard for private pilots, flight engineers and radio officers. Incidentally, the higher standard also applies for that essential person on the ground, the air traffic controller.
Visual Standard I requires that: (a) There shall be no active pathological condition of either eye or adnexae. (b) Fields of vision shall be normal. (c) Distant visual acuity shall be not less than 6/9 in each eye separately with or without correcting lenses. If such lenses are required to reach this standard then visual acuity without correction must not be less than 6/60 in each eye, or the refractive error must fall within the range of ± three diopters. In addition, the correcting lenses must be worn whep exercising the privileges of the licence, and a spare pair of lenses must be readily available. (d) There is an ability to read the N5 chart or its equivalent somewhere within the range of 30-50 cm, and an ability to read the N14 chart or its equivalent at a distance of 100 cm. Correcting lenses may be used to meet this requirement. (e) Safe colour perception be established but any standard method may be used. In British Airways we use Ishihara charts and/or a Martin lantern.
The lower Standard II has the same general requirements but only demands a visual acuity of 6/12 in each, with or without correcting lenses, and does not demand the reading of the N14 chart. I must explain that ICAO does allow contracting states to apply a waiver clause, if they so wish. In exceptional circumstances a competent aviation ophthalmologist could recommend the renewal of a licence of an air crew member at a lower standard than those I have indicated, but this waiver would almost certainly never be applied to an ab initio pilot.
I can refer only briefly to variations which may be applied by an airline, since obviously these vary considerably. In British Airways we would not accept a new pilot whose visual acuity was 6/18 or more in either eye separately, and would expect to refer candidates with a visual acuity of 6/9 or worse for refraction by a competent ophthalmologist. -If there were any suggestion that there might be a progressive myopic trend in an applicant we would reject him whatever standard he reached. As a rough guide in this difficult field, we would say that there is no particular risk in an 18-year-old man who may require glasses to bring his visual acuity to 6/6 or better, provided that the degree of correction required be only one quarter of a diopter. The risk would be appreciable, however, if one half a diopter or more were required.
Monocular pilots of considerable experience may be the subject ofwaiver clauses in some states, but most airlines, including British Airways, will not accept them. Although there may be no impairment of the judgment necessary for landings, &c., inevitably there is reduction of the visual fields not compensated for by increased scanning movements. This introduces an air safety factor, though it must be admitted that some pilots in this group who are permitted to fly perform extremely well.
In addition to technical air crew we do, of course, have to consider cabin staff. Currently, except in one or two states, there are no statutory visual requirements, but in British Airways we would not accept a new steward or stewardess whose visual acuity was less than 6/24 in each eye, correctable to 6/9. This requirement may be deemed rather high but it must be remembered that these crew members have a vital part to play in emergency procedures such as rapid evacuation of an airciaft. For ground staff the standards are those applicable to other industries which have been dealt with by other speakers.
Finally the question of contact lenses: at the moment in the UK they are not usually permitted for professional air crew but may be allowed for use by private pilots with the agreement of the statutory authority. Many states do, however, allow them and their use is obviously a controversial point.
Dr Alun H Jones (Employment Medical Advisory
Service, Cardiff, CFJ JPB) said it seemed that the development of tests of visual performance bearing some relation to the task was now in sight. There had never been evidence that tests of visual acuity of Snellen's type were in any way task related. Dynamic tests showed considerably more promise.
There were misconceptions about the importance of colour vision. Apart from hereditary colour defects there were many other factors, permanent and transient, which could affect colour perception. It followed that no system on which human safety really depended should use colour signals as a main feature if these had to be interpreted individually. Thus, train driver § had to interpret long sequences of colour light signals; if, instead of observing variations in sequential pattern, they took each signal individually, there would be many more errors than do actually occur.
The following paper was also read: Vision and Driving Mr S J H Miller (Moorfields Eye Hospital, London ECI V2PD)
